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(54) ELECTRICAL SIGNAL INITIATING KEYBOARDS

(71) We, THE POST OFFICE, a
British body carporare established by Statute,
of 23 Howland Street, London, WIP 6HQ,
do hereby declare the invention, for which we
pray that a2 paent may be granted o us, and
the method by which it is to be performed, to
be particularly described in and by the follow-
ing statement:—

This invention relates to electrical signal
ot excisioay, 1 telephune fmament posh
not ively, to one instrument -
button keyboards.

Ti fnstroments curreatly in use em-
ploy the familier dial unit es a8 mems for
generating a wain of electricdl impulses repre-
scotng the number of the subscriber being
called. The dial unit has proved generslly
aatisfn::ry mdpmuvdy cheg;lfgr this pur-
pose, but being y mechapical in operation
can suffer from wear after long wse. The
operation of the dial can be somewhst tiring
to the caller when many calls are © be made,
particularly as trunk calls generally require ten
dial movements per call.

Electrical signa] initiating keyboards in the
form of push-button keyboards are used in
telephane instruments as an alternative to the
dial unit for iniﬁa;?ag“ 8 destination coded
signal. The signal produced by 2
keyboard is not pecessarily transmitted as a
lt;'nin of elect:nhc%l impulses as for the djal unit.

rior art push-button keyboards have proved
preferable 1o the dial wnit so far as ease of use
{7y d;:lledct is conocmedsf but have neverthe-
ess unsatisfacory in other respects.
For example, button keyboards using
moving electrical comtacts have been found to
fncur a feult liability, particulady when
operated in low impedance circuits. Push-
button keyboards utilising a discrete electroric
device for each button (for exemple, piezo-
lmnelm:m’c crystalsd b:r Hall eﬂ‘ecrl devices) have
pos t are generally more expen-

sive the familiar dial wnit

It is an object of the invention to provide
an improved electrical signal initiating key-

P A e

The present invention provides an clectrical
signal mitisting keyboard including:

8 number of motion transmitting elements;

2 layer of resiliendy deformable insulating
foam material having st one face thereof @
plurality of electrically conducrive tracks de-
fined by conductive particles and separated by
non-conductive areas of the foam; and

s plurality of terminals connected to asso-
clated ones of the tracks the arrangement being
such that each motion transmitting element is
opersble to deform a ive area of the
foam material to thereby the resistance
between terminals associated with that par-
ticular area. .

Preferably, the insulating foam 33:;1&1 is
s polyether polyurethape fosm wi uc-
dvle’o tracks formed by graphite partides therein,

The motion transmitting clements can be

butrons manually operable to compress
the fosm material against a rigid plate.

By way of example only, two
embodiments of the invention will now be
described with reference to the accompanying
drawings, of which:— .

Figure 1 shows 2 plan view of a variable
resistance element employed in the embodi-
ments; .

Figure 2 shows an “exploded” view, party
in scction, of a first electrical signal initiating
keyboard embodying the invention;

+ Figure 3 shows a cross-secdonal view
through part of the keyboard of Figure 2;

Pigure 4 shows an “exploded” view, partly
in secton, of a scoond electrical signal injdat-
ing keyboard embodying the invention;

Figure, S5 shows a cross-sectional view
through part of the keyboard of Figure 4;

Figure 6 illustrates the electrica! operation
of the keyboards;

Figure 7 shows an approzimate equivalent
circuit for the keyboards;

Figure 8 shows one way of combining the
outputs of the keyboards; and

Figures 9A and 9B show how resistmance
characteristics can be modified by the use of
additives.
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It should be noted what in the inerests of
clarity the drawings have been si.mpl& and
m

ep
g polyether yurethane foam approximal
R inches and 0.4 inches thick. The
foamhasaﬁnccdlsuucun'c,mnnmpleof
a suitable foam being “Kayfoam Polyether
Bs? (dmsityZZkg *) manufactured by
Kay-Metzeler Ltd., Cheshire. The conduc-
ﬁvcmdcslmapp!iedinmeqfamshown
ine by use of a cantoured
te partides A

suitable material for forming the conductive

* tracks 2 is that known by the registered Trade
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Merk “AQUADAG” and of the grade having
an 18%, solids conwar. To cnsurc that the
graphite particies bond firmly to the foam and
® improve the rheological properties of the
AQUADAG during application certain addi-
tives are prefersbly mixed with the AQUA-
DAG before its application. For czample, up
mS%ofSO—-éO%snmg!hvinylam
vinyl versatate copolymer (such s that sold
byV'myleductsxmdu‘theundename
“Vinapal 1070”) can be added w0 improve
i Sodium alginate s & sui

mal o L i o e e

its ical properties so that exces-
+ve lateral diffusion does not occur during the
inti wse of sodium alginate
contact resistance of the
g?;dmuvetradmz and the vse of 1partofa

/, squeous sodium alginate sohution
served with formaldehyde) to 3 parts AQ(B‘X:
DAGwasfmmdmazssfnlhdxismpqa(this
concenwration represeated approxi y 0.5%
:odi‘:lm m:ltgig::m dry Wi .of gdik was‘nlso
oun property um alginate
to decrease contect resistance could jisclf be
modified by use of a gelling agent For ex-
ample, the introduction of Ca™ions by the
ase of CaCl; and compensated by the eddition
of EDTANa, (a sequestering ageat) produced
ahighcontactruismccatlowpmmand
thereby increased the range of resistance varig-
ton since the contact resistance at large pres-
sure was substantially unchanged. Alternative
matesials for modifying the contact resistance
propenties of the conductive wacks 2 are di-
methyl ide (DMSO) at about
$15%, ceuimide ar sbout 1%, benz-
alkonium chloride, cetyl trimethyl ammonium
bromide and a liquid anionic detergent based
on mixed sodi sulphates of long chain
aleohols such as TEEPOL (RTM).

Figure 9A comprises 8 graph showing the
effect of various additives on surfacc resist-
ance and Figure 9B is a similar graph relat-
ing to bulk resistence. Each h shows
eleven curves, 2 1o g inclusive, and 1e various

additives represented by these curves are set
out below: -

Curve a — Vinapol vinyl acetate-versatate
copolymer in the concentration given above
Cmvcb—asforan'veabm:withd:elddi-
tive of sodium alginate in the concentration
given above
mec—asformrvebbmwidnbeaddi—
ticn of & trace of benzalkonfum chloride
Ctmd——asfprambbutwiﬂlltxtddi-
ton of cetyl wimethyl ammonium bromide
Ourvec—asforwrvcbbutwitbtheaddi-
ton of TEEPOL
Curvef—asforanvcabutwidnheaddi-
dion of a trace of benzalkonium chloride
Cmveg—asfurmrveabutwiththuddi-
ton of 15% DMS0O
h — as for curve a but with the addi-
don of 5%, DMSO
Cmvei—asforcurve'abutwiﬂnheaddi—
ﬁonofS%DMSOandofccty!u-imﬂmyi
ammoniwn bromide
Curve j — 5% DMSO
Curve g — 15% DMSO

There is no resistance value shown for zero
applied force (light contact) for curves, b, ¢,
d,c,f,andgofFigmt9Aasaspaccrwn
ased 10 ensure very high resistance gt zf
applied force. -

The following points gre notable:

(i) Curve & shows only a small change in
bulk resistance in comparison with the change
in surface resismace with applied force.

(ﬁ)o:mbﬂ!usmmsdxatmismwisin- -

use of sodium alginate.

¢ and f show that the effect of
chioride is w bring about an
increase in the change of resistance with ap-
plied force, particularly so for bulk resistance.

(iv) Curve ¢ shows that TEBPOL cxeros a
similar cffect to benzalkopium chloride.

(v) Curve h shows an increased resistance
8t zero agplicd force but without com-
mensurate increase in resismnce when force
is applicd, there is an increased range of bulk
resistance change.

creased by the
(jii) Curves

Referringnowml’ignnsZandS,akey—
board for use in 2 telephone instrument com-
prises 1welve depressible keys or burons 3
arranged in 2 maix of 4 rows of 3 keys. Each
key 15 suimbly inscribed with an alpha-
numeric symbol or legend (not shown). Ten
of the keys are used to signal the digits 0 w0 9

-for a telephone number code and the remain-
ing two keys are used for auxiliary purposes,
for example, “special facilities” and “srvice
facilities”.

The keys 3 arc located on an upper plawe 4
which is a onepiece moulding of & rigid
%#la;ul'cs materials of a2 generally flat form.

70

75

100

105

110

115

120

125

key 3 respectively comprises a peg 5



1,412,298

10

15

45

55

65

projecting through a hole in the plate 4 with
a flange portion 6 at irs lower end. The other
e WS Ui o Bt o e 2%
ei ing & 4 t on the peg or
beingma'mdbyadge:. Bachpeg Sis g
sliﬂinﬁtinim ve hole and, if desired,
a

compression spring 9 actimg against
the top of the plate 4 and the underside of the
cap 8 and positioned sbout the peg cm be
included in the key assembly. Such springs
are not strictly pecessacy since their fimction
(to bias the keys in an up position) cam be
accomplished by the resiliency of the foam 1

positioned  downwardly. Connections (not
showninFigth)mmademthcco o
tivemckgbymplmg,cydctﬁngorbymof

raterial coroprises a conducting layer on an

g o 1 ploesd consctioe wa

conducror, it is placed ive side

A pick-off connection of the conducting
the use of a conductive cement.

A base-plars 15 of rigid plastics material
is positioned bentath the material 4. Assem-
hlyufdtvaﬁmncglamofthekcyboardm
conveniently be achieved by use of an in-
sulating i

The dlectrical operation of the keyboard
will be discussed later. :

Referring now w Figures 4 and $, a second
form of Keyboard for use in @ telephone in-
strument is Nlustrated. The similarity of this
second keyboard to the first keyboard is im-
mediately apparent and therefore description
will be confined to pointing out the difference
between the two keyboards,

In the second keyboard, the keys 3 form an
jntegral part of the plate 4 which is of a
resilient plastics material. The cross-members
10 end peripheral member 11 impart stiffness
to the plate 4 and divide it inw twelve aress,

up.
material 14 5 made by stapling, eycletting or -

cach ares containing & key 3. It is thus pos-
sible w depress any one of the keys against the
resiliency of the plate 4 with negligible move-
ment of the other keys.

used)ispoxiﬁonedbmuththeplm4md
the remaming components are positioned in
the order, gpacer 12 foam materiel 1 (conduc-
tive tracks- uppermost) and plawe 15. In this
embodiment the layer 14 has tw resist distor-
tion due w cyclic distortion and is therefore
prdmnt;ly constructed  from a  polymeric
materi

The two embodiments differ only in mech-
anicdnﬁrzmﬁnn,thairelecmml' ion is
essentially the same. Referring to
will be scen that 8 respective i
neced w each conductive track 2 and these
terminals are referenced A, B, C etc. up to O.
B e e e with, aondnive

i is wi uctive
material lmo a hole 13 and this feawre
i by | ¢ hatched cirdes in.Figure

e 6, it
18 oon-

tive tracks connected to terminals E, J, K,
cach overlie four holes 13. Each of the bawched
circles in Figure 6 corresponds, of course, w

jve key and this featore is flloswated
by ing the circles with respective symbols
,2,3,4,56,7,89 0, X and Y. Depres-
sion of the key g the

and in an experimental keyboard was found
to be 100 k for 40 Z, SO k for 80 Z and 15 k
for 16 OZ. The spacer ensures infinite resis-
tmnce when the key is underpressed. Thus, 8
resistance drop is observed berween terminal
D and layer 14, and beroeen terminal E and
layer 14 when the key bearing the mmber ‘1’
is

degressed. o

Tigure 7 shows an 1= equivalent
circuit for the kzybom«;mal B, for
example, is shown connected w© layer 14 by
four variable resistors in parallel, each resistor
corresponding to one of the four g‘s’sib!eum—
1lx§ctions of the track to layer 14 through holes

The resisance chenge with increased
nntisbdicvedtobcducalmostu-lﬁmr;&;

70
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in surface contact resistance and it is 125

changes
believed that bulk resistance changes are in-
significant so far as the overall effect is con-

ceme
Figure 8 shows onc way of connecting the

g
keyboards to provide a “2 out of 7” coded in- 130
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dication of which key is depressed. Terminals
A, G, O are commonly connected w 2 line

o smilady B, F, N; G 1, M; and
l?,H.mennnccmdmp,-yandompeo-

tvely.
Terminals E, J and K respectivel

lines o, B, s & & f amd ¢ X
will be communicated to the conductive layer
14. The table below sets out the operation of
the keyboard connected as shown in Figure 8.

Resistance
Key

9
o
e

W M O 0 0 N S o s W
™
Ty

The keyboards are, of course, cannected w
suitable interface equipment for use in generat-
ing dialling code pulses or frequencies.

It will be appreciated that many modifica-
ti%lns nlg the dm'bedd:nbodunm:s' are pos-
sible. For example, spacer plate 12 can
bcomfnadsodmﬂmisﬁm;:cmsimnce
assoclated with wnactuated keys. The use of
the additves mentioned carlier helps to ob-
tin a high range of values between ‘off’ resic-
tance (lightly contacting) and ‘on’ resistance
(14 contacting under finger pressure).

If desired, cach key can be arranged to act
against a memal spring so that a snap-action
and an audible “dick” is obrained on depress-
ing the key.

The conductive la
of an interconnecte

14 can be in the form
moetallic corres~

. ponding to the holes 13 on an insulating layer.

It is 2 potable feature of the described em-
bodiments that expensive matrials such as
gold are pot required and that the
have a much smaller fault liability than the
prior art moving contacr type of keyboard.

WHAT WE CLAIM IS:(—

1. An clectrical signal initiating keyboard
including: .

a number of motion transmitting elements;

a layer of resiliently deformable insulating
foam material having at one face thereof 2
plurality of electrically conductive tracks de-
fined by conductive particles and scparated by
non-conductive areas of the foam; and

a plurality of terminals connected o asso-
ciated ones of the wacks the arrangement
being such that each mouon trapsmitting
elemenm is o et deform a respective
area of the foam marerdal w therehy change
the resistance between i associated
with that parti

2. A'keyboard as claimed in cisim 1 where-
in the motion transmitting elements are push-
butrons manually opersble to campress the
foam material against a rigid plae.

3. A keyboard as claimed in claim 2 where-
in the push buttons form an integral partof 2
late of resilient plastics materials.
4. A keyboard as claimed in any preceding
daim including means to provide a snap-
action for the motion transmining efements.

5. A keyboard as claimed in any preceding
dalim .wh:rcil} the foam comprises polyether
polyurethane foam.

6. A keyboard as dlaimed in any preceding
claim wherein the conductive particles com-

ise graphite particles.

Pn;.eA keyboard as claimed in deim 6 where-
in the conductive particles comprisc grephite

icles in essociation with @ resistance-
modifying additive.

8. A keyboard as claimed in claim 7 where-
in the edditve is sodium alginate, or dimethyl
sulphoxide, or cemrimide, or vinyl acetate-ver-
satate copoiymer, or benzalkonium chloride, or
cetyl trimethy] ammonium bromide, or a
liquid anfonic detergent based on mixed
sodium alkyl sulphates of Jong chain alcobols.

9. A keyboard as claimed in any preceding
claim wherein & layer of electrical insulating
material having a plurality of apertures there-
in is provided berween the conductive tracks
and a laver of electrically conducting material
and whereip the motion transmitting elements
gre operative 10 press the conductive tacks
and conductive layer into contact through the

=8

'said a

10. A keyboard as claimed in claim 9 where-
in the motion wansmitting elements act against
the foam material.

1. A keyboard as claimed in daim 9

wherein the motion transmitting elements act
- SR AATIRTI Saetipeee e ae .

45

55

65

70

75



1,412,298

against the conducdve layer, the said layer 13. A telephope instrument including & key-
being resilient, board as claimed in any preceding claim.
12. An electrical signal initiating

1 m ABEL & IMRAY,
mbsmnnal%nshm:in described with Chartered Patent Agents,
to and es illustrated by Figures 1, 2, 3 and 6 Northunberiand House,
or by Figures 1, 4, 5 end 6 of the accom- 303--306 High Holbom,
panying drawings. London, WC1V 7LH.

Printed tor Her Majosty's Stationery Office by the Courder Press, Leamington Spa, 1978,
Published by the Patent Office, 25 Southampton Bulldings, London, WC2A 1AY, from
which coples may be obtained.
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